show that transplantation of GABAergic inhibitory neurons into the amygdala boosts the persistence of fear extinction in mice. Transplantation was found to degrade perineuronal nets on endogenous inhibitory neurons and enhance synaptic plasticity in host amygdala.
In the movie ''Inside Out,'' Riley starts out as a bubbly pre-teen whose psyche is powered by joyful core memories. Traumatic experiences, however, threaten to recolor Riley's core memories and destabilize her personality. Luckily, Riley overcomes her hard experiences and regains a healthy emotional balance to her core memories. What if we could neutralize traumatic memories in adulthood by bringing back the mutability of juvenile emotional memories? In this issue of Neuron, Yang et al. (2016) use inhibitory neuron transplantation to erase fear memories in adult mice as if they were juveniles once again.
The transplantation of GABAergic inhibitory neurons has emerged as a powerful new approach to treat a diverse array of brain disorders in large part because these precursors disperse and integrate widely in the brain (Chohan and Moore, 2016) . Transplantation of inhibitory neurons into the hippocampus has been shown to suppress seizures and alleviate anxiety (Hunt et al., 2013) . Inhibitory neuron transplantation into adult visual cortex restores spatial vision to amblyopic mice that were visually deprived in early childhood (Davis et al., 2015) . This technique has also been shown to ameliorate rodent models of schizophrenia, Alzheimer's, Parkinson's, and neuropathic pain (Chohan and Moore, 2016 ). Now we can add to the list enhanced fear extinction. Yang et al. (2016) harvested inhibitory progenitor cells from the medial ganglionic eminence (MGE) of embryonic mice and transplanted them into the young adult amygdala (weeks 5-7). These progenitors dispersed in the basolateral and central amygdala and survived but had no effect on the density of host inhibitory neurons. The transplanted cells developed markers for mature inhibitory neuron cell types, established normal excitability, and integrated synaptically into the host circuit.
Yang and colleagues next used a classic paradigm for assessing fear memories. Mice were conditioned to fear a neutral stimulus (CS) using a foot shock (US). After the fear conditioning, mice went through two days of exposure to the CS in a new context without the foot shock causing the temporary extinction of the fear. After a week, fear for the CS returns when the normal young adult mice are re-exposed in both the extinction and conditioning contexts ( Figure 1A ). To determine whether MGE transplantation could facilitate fear erasure in adult mice, Yang et al. (2016) fear conditioned the animals at four intervals after the transplantation (7, 14, 21, and 28 days) followed by two days of extinction training. In all the transplantation groups, fear memories returned like in normal animals except for the group at 14 days after transplantation (DAT) that maintained the fear extinction ( Figure 1B , top). These results suggest that transplantation creates a new window for enhanced fear extinction.
To rule out the possibility that inhibitory neuron transplantation interfered with the formation of fear memory, Yang and colleagues also performed transplantation immediately after the animals had undergone fear conditioning (Figure 1B, bottom) . Like the animals that received transplantation before the fear conditioning, animals that received transplantation after conditioning also exhibited fear erasure when tested 14 DAT.
Interestingly, although previous studies report that many amygdaloid GABAergic neurons come from lateral ganglionic eminence (LGE) (Waclaw et al., 2010) , Yang et al. (2016) observed that transplanted LGE progenitors did not disperse from the injection site. It is possible that the adult brain is lacking some factor needed by LGE progenitors to disperse and integrate. Moreover, progenitors from caudal ganglionic eminence (CGE) did not induce fear erasure, although CGE progenitors dispersed broadly.
A previous study showed that the removal of perineuronal nets (PNN) from inhibitory neurons in the amygdala restores juvenile fear extinction. During a postnatal critical period (postnatal day [P]16-23), fear conditioned mice are vulnerable to fear extinction (Gogolla et al., 2009) . At the closure of the fear extinction critical period, PNNs deposit onto interneurons in the amygdala. By degrading PNNs in the adult amygdala using the enzyme chondroitinase ABC (ChABC), fear extinction in adults became as effective as in juveniles.
To understand the mechanism by which transplanted inhibitory neurons facilitate the erasure of fear memories, Yang et al. (2016) examined the expression of the perineuronal nets (PNN) in transplanted animals. They observed that transplantation disrupted the host PNNs at 14 DAT but not at 28 DAT. Intriguingly, transplanted inhibitory neurons did not acquire PNNs until 28 DAT, and even then, only for a few cells. These results suggest that PNN degradation plays a key role in the reactivation of juvenile fear extinction.
It is interesting to note that the cellular age (14 DAT) of the transplanted inhibitory neurons in the Yang et al. study was much younger (equivalent to P7-8) than endogenous inhibitory neurons during the normal fear extinction critical period (P16-23) (Gogolla et al., 2009 ). In contrast, in experiments showing the reactivation of cortical plasticity after inhibitory neuron transplantation, the age of the transplanted inhibitory neurons (33-35 DAT) was equivalent to the age of the endogenous inhibitory neurons during the normal critical period (P26-28) (Davis et al., 2015) . This observation suggests that, in the amygdala, the reactivated critical period might be determined by both the age of the transplanted inhibitory neurons as well as the maturity of the host circuit.
The connections from lateral (LA) to basal (BA) nuclei in the basolateral amygdala are known to be critical to fear extinction. Consistent with previous studies, Yang et al. demonstrate that live but not dead MGE cell transplantation induced synaptic plasticity in the connections between host LA to BA. Putting their findings together, these results suggest that PNN degradation leads to renewed synaptic plasticity in this circuitry that in turn enhances fear extinction.
What mechanism may be responsible for the removal of endogenous PNNs after transplantation? Dispersion of the transplanted neurons alone cannot account for the loss of nets since CGE transplantation did not reduce the expression of PNNs nor reactivate a critical period for fear extinction. It may be that transplanted interneurons release molecules that facilitate the degradation of PNNs.
In the Gogolla et al. (2009) study, the degradation of PNNs after fear conditioning did not lead to fear memory erasure. Yang et al. (2016) , in contrast, found that transplantation after fear conditioning still resulted in fear memory erasure. This seems to suggest that inhibitory neuron transplantation facilitates fear extinction through mechanisms in addition to PNN degradation. Transplanted inhibitory neurons are a heterogeneous neuronal population. Yang et al. (2016) Yang et al. (2016) showed that inhibitory neuron transplantation (indicated by a red arrow) 14 days before fear conditioning (purple ball) facilitated fear memory erasure (gray ball). Bottom: Inhibitory neuron transplantation one day after fear conditioning also prevented fear recovery and renewal.
with PNNs, they provide inhibition to PV inhibitory neurons. Perhaps this inhibition of inhibition produces a disinhibitory circuit that activates critical period plasticity (Kuhlman et al., 2013) . This speculation requires further investigation.
Other circuits play a key role in the developmental regulation of fear memories. For example, top-downregulation from the medial prefrontal cortex (mPFC) participates in fear control in post-weaning animals but not in pre-weaning animals (Quirk et al., 2010) . It would be interesting to transplant inhibitory neurons into the mPFC and examine the effects on fear extinction. Even within the amygdala, different nuclei are involved in different aspects of fear extinction. In Yang et al. (2016) , the transplantation was not restricted to one specific region. In future studies, it would be important to tease apart how targeted transplantation to distinct components of the fear circuit produces different effects.
Since much of the brain cannot produce new neurons, most cell-based brain repair strategies seek to replace damaged cells. This study highlights how neuronal transplantation may help the brain repair itself by reactivating juvenile plasticity. Excitatory neurons can also successfully integrate into the postnatal cortical circuits (Ideguchi et al., 2010; Falkner et al., 2016) . Since behavioral impact has yet to be shown, the exploration of rebuilding excitatory circuits lags behind the progress seen in inhibitory cell transplantation. Nevertheless, rebuilding long-range connections in the brain using excitatory neuron transplantation and reactivation of local circuit plasticity with inhibitory neuron transplantation would dovetail nicely.
.One touch from Sadness recolored Riley's happy core memories during a period of heightened vulnerability. Because of this vulnerability, however, the damage was easily undone. The experiments described by Yang et al. suggest that inhibitory neuron transplantation reactivates a window of youthful plasticity in adult amygdala and facilitates the extinction of previously learned fear memories. By reactivating this juvenile form of neuroplasticity, inhibitory neuron transplantation offers a promising avenue of research that may eventually produce new treatments for trauma and associated neuropsychiatric disorders.
